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INCREMENTER/ 


DECREMENTER 


TMS 8080 MICROPROCESSOR 


ARCHITECTURE 
INTRODUCTION 


The TMS 8080 is an 8-bit parallel central processing unit (CPU) fabricated on a single chip using a high-speed N-channel 
silicon-gate process. (See Figure 1). A complete microcomputer system with a 2-us instruction cycle can be formed by 
interfacing this circuit with any appropriate memory. Separate 8-bit data and 16-bit address buses simplify the interface 
and allow direct addressing of 65,536 bytes of memory. Up to 256 input and 256 output ports are also provided with 
direct addressing. Control signals are brought directly out of the processor and all signals, excluding clocks, are TTL 
compatible. 


THE STACK 


The TMS 8080 incorporates a stack architecture in which a portion of external memory is used as a pushdown stack for 
storing data from working registers and internal machine status. A 16-bit stack pointer (SP) is provided to facilitate 
stack location in the memory and to allow almost unlimited interrupt handling capability. The CALL and RST (restart) 
instructions use the SP to store the program counter (PC) into the stack. The RET (return) instruction uses the SP to 
acquire the previous PC value. Additional instructions allow data from registers and flags to be saved in the stack. 


REGISTERS 


The TMS 8080 has three categories of registers: general registers, program control registers, and internal registers. The 
general registers and program control registers are listed in Table 1. The internal registers are not accessible by the 
programmer. They include the instruction register, which holds the present instruction, and several temporary storage 
registers to hold internal data or latch input and output addresses and data. 
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FIGURE 1—TMS 8080 FUNCTIONAL BLOCK DIAGRAM 
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THE ARITHMETIC UNIT 


Arithmetic operations are performed in an 8-bit parallel arithmetic unit that has both binary and decimal capabilities. 
Four testable internal flag bits are provided to facilitate program control, and a fifth flag is used for decimal 
corrections. Table 2 defines these flags and their operation. Decimal corrections are performed with the DAA 
instruction. The DAA corrects the result of binary arithmetic operation on BCD data as shown in Table 3. 


STATUS AND CONTROL 


Two types of status are provided by the TMS8080. Certain status is indicated by dedicated control lines. Additional 
status is transmitted on the data bus during the beginning of each instruction cycle (machine cycle). Table 4 indicates 
the pin functions of the TMS8080. Table 5 defines the status information that is presented during the beginning of each 
machine cycle (SYNC time) on the data bus. 


1/0 OPERATIONS 


Input/output operations (1/O) are performed using the IN and OUT instructions. The second byte of these instructions 
indicates the device address (256 device addresses). When an IN instruction is executed, the input device address 
appears in duplicate on A7 through AO and A15 through A8, along with WO and INP status on the data bus. The 
addressed input device then puts its input data on the data bus for entry into the accumulator. When an OUT 
instruction is executed, the same operation occurs except that the data bus has OUT status and then has output data. 


Direct memory access channels (DMA) can be OR-tied directly with the data and address buses through the use of the 
HOLD and HLDA (hold acknowledge) controls. When a HOLD request is accepted by the CPU, HLDA goes high, the 
address and data lines are forced to a high-impedance or ‘“‘floating’’ condition, and the CPU stops until the HOLD 
request is removed. 


Interfacing with different speed memories is easily accomplished by use of the WAIT and READY pins. During each 
machine cycle, the CPU polls the READY input and enters a wait condition until the READY line becomes true. When 
the WAIT output pin is high, it indicates that the CPU has entered the wait state. 


Designing interrupt driven systems is simplified through the use of vectored interrupts. At the end of each instruction, 
the CPU polls the INT input to determine if an interrupt request is being made. This action does not occur if the CPU is in 
the HOLD state or if interrupts are disabled. The INTE output indicates if the interrupt logic is enabled (INTE is high). 
When a request is honored, the INTA status bit becomes high, and an RST instruction may be inserted to force the CPU 
to jump to one of eight possible locations. Enabling or disabling interrupts is controlled by special instructions (El or 
DI). The interrupt input is automatically disabled when an interrupt request is accepted or when a RESET signal is 
received. 


INSTRUCTION TIMING 


The execution time of the instructions varies depending on the operation required and the number of memory 
references needed. A machine cycle is defined to be a memory referencing operation and is either 3, 4, or 5 state times 
long. A state time (designated S) is a full cycle of clocks ¢1 and $2. (NOTE: The exception to this rule is the DAD 
instruction, which consists of 1 memory reference in 10 state times). The first machine cycle (designated M1) is either 4 
or 5 state times long and is the “instruction fetch’ cycle with the program counter appearing on the address bus. The 
CPU then continues with as many M cycles as necessary to complete the execution of the instruction (up to a 
maximum of 5). Thus the instruction execution time varies from 4 state times (several including ADDr) to 18 (XTHL). 
The WAIT or HOLD conditions may affect the execution time since they can be used to control the machine (for 
example to “‘single step’’) and the HALT -instruction forces the CPU to stop until an interrupt is received. As the 
instruction execution is completed (or in the HALT state) the INT pin is polled for an interrupt. In the event of an 
interrupt, the PC will not be incremented during the next M1 and an RST instruction can be inserted. 


TABLE 1 
TMS 8080 REGISTERS 


NAME DESIGNATOR LENGTH PURPOSE 

Accumulator Used for arithmetic, logical, and |/O operations 

B Register General or most significant 8 bits of double register BC 
C Register General or Jeast significant 8 bits of double register BC 
D Register General or most significant 8 bits of double register DE 
E Register General or least significant 8 bits of double register DE 
H Register General or most significant 8 bits of double register HL 
L Register General or least significant 8 bits of double register HL 


Program Counter Contains address of next byte to be fetched 


Stack Pointer Contains address of the last byte of data saved in 
the memory stack 

Five flags (C, Z,S, P, C1) 

NOTE: Registers B and C may be-used together as a single 16-bit register, likewise, D and E, and H and L. 


TABLE 2 


Flag Register 


FLAG DESCRIPTIONS 


SYMBOL TESTABLE DESCRIPTION 
C is the carry/borrow out of the MSB (most significant bit) of the ALU (Arithment Logic 
Unit). A TRUE condition (C= 1) indicates overflow for addition or underflow for 


subtraction. 
A TRUE condition (Z = 1) indicates that the output of the ALU is equal to zero. 
A TRUE condition (S = 1} indicates that the MSB of the ALU output is equal to a one (1). 


A TRUE condition (P =1) indicates that the output of the ALU has even parity (the 


number of bits equal to one is even). 


C1 is the carry out of the fourth bit of the ALU (TRUE condition). C1 is used only for BCD 


correction with the DAA instruction. 


TABLE 3 
FUNCTION OF THE DAA INSTRUCTION 


Assume the accumulator (A) contains two BCD digits, X and Y 
7 4 3 0 
acc 
ACCUMULATOR ACCUMULATOR 
BEFORE DAA AFTER DAA 


coo +=+0 009) 


1) 
0 
6) 
: | 
| 
} 
3 
1 
1 


0 
1 

0 
0 
1 

0 
0 
1 


0 
1 
6) 
6) 
1 
6) 
0 
1 
6) 


NOTE: The corrections shown in Table 3 are sufficient for addition. For subtraction, the programmer must account for the borrow 
condition that can occurand give erroneous results. The most straight forward method is to set A = 9946 and carry = 1, Then 
add the minuend to A after subtracting the subtrahend from A. 


SIGNATURE | PIN 


A15 (MSB) 
A114 

A13 

Al2 

All 

A10 

AQ 

A8 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AO (LSB) 


D7 (MSB) 
D6 
D5 
D4 
D3 
D2 
D1 
DO (LSB) 


Vss 
VBB 
Vcc 
VpD 
1 


o2 


RESET 


HOLD 


INT 


INTE 


DBIN 


13 


14 


16 


17 


OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 


IN/OUT 
IN/OUT 
IN/OUT 
IN/OUT 
IN/OUT 
IN/OUT 
IN/OUT 
IN/OUT 


OUT 


OUT 


TABLE 4 
TMS 8080 PIN DEFINITIONS 


DESCRIPTION 
A15 through AO comprise the address bus. True memory or 1/O device addresses appear on 
this 3-state bus during the first state time of each instruction cycle. 


D7 through DO comprise the bidirectional 3-state data bus. Memory, status, or 1/O data is 


transferred on this bus. 


Ground reference 

Supply voltage (—5 V nominal) 
Supply voltage (5 V nominal) 
Supply voltage (12 V nominal) 
Phase 1 clock. 


Phase 2 clock. See page 19 for $1 and $2 timing. 


Reset. When active (high) for a minimum of 3 clock cycles, the RESET input causes the 
TMS 8080 to be reset. PC is cleared, interrupts are disabled, and after RESET, instruction 
execution starts at memory location 0. To prevent a lockup condition, a HALT instruction 
must not be used in location 0. 


Hold signal. When active (high) HOLD causes the TMS 8080 to enter a hold state and float 
(put the 3-state address and data bus in a high-impedance state). The chip acknowledges 
entering the hold state with the HLDA signal and will not accept interrupts until it leaves 


the hold state. 


Interrupt request. When active (high) INT indicates to the TMS8080 that an interrupt is 
being requested. The TMS8080 polls INT during a HALT or at the end of an instruction. 
The request will be accepted except when INTE is low or the CPU is in the HOLD 


condition. 


interrupts enabled. INTE indicates that an interrupt will be accepted by the TMS 8080 
unless it is in the hold state. INTE is set to a high logic level by the El (Enable Interrupt) 
instruction and reset to a low logic level by the D! (Disable Interrupt) instruction. INTE is 


also reset when an interrupt is accepted and by a high on RESET. 


Data bus in. DBIN indicates whether the data bus is in an input or an output mode. 
(high = input, low = output). 
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SIGNATURE 


SYNC 


HLDA 


READY 


WAIT 


SIGNATURE | DATA BUS BIT 


INP 


MEMR 


TMS 8080 INSTRUCTION SET 


INSTRUCTION FORMATS 


TABLE 4 (CONTINUED) 
DESCRIPTION 


Write. When active (low) WR indicates a write operation on the data bus to memory or to an 


1/O port. 


Synchronizing control Jine. When active (high) SYNC indicates the beginning of each 
machine cycle of the TMS8080. Status information is also present on the data bus during 
SYNC for external latches. 


Hold acknowledge. When active (high) HLDA indicates that the TMS 8080 is in a hold state. 


Ready control line. An active (high) level indicates to the TMS 8080 that an external device 
has completed the transfer of data to or from the data bus. READY is used in conjunction 
with WAIT for different memory speeds. 


Wait status. When active (high) WAIT indicates that the TMS8080 has entered a wait state 
pending a READY signal from memory. 


TABLE 5 
TMS 8080 STATUS 
DESCRIPTION 


Interrupt acknowledge. 


indicates that current machine cycle will be a read (input) (high = read) or a write (output) 


(low = write) operation. 
Indicates that address is stack address from the SP. 
HALT instruction acknowledge. 


Indicates that the address bus has an output device address and the data bus has output 
data. 


Indicates instruction acquisition for first byte. 
Indicates address bus has address of input device. 


Indicates that data bus will be used for memory read data. 


TMS 8080 instructions are either one, two, or three bytes long and are stored as binary integers in successive memory 


locations in the format shown below. 


One-Byte Instructions 


D7 D6 Dd D4 D3 D2 D1 DO 


Two-Byte Instructions 


Three-Byte Instructions 


D7 D6 D5 D4 D3 D2 D1 DO 


OP CODE 


OP CODE 


OPERAND 


OP CODE 


LOW ADDRESS OR OPERAND 1 


HIGH ADDRESS OR OPERAND 2 


2.2 INSTRUCTION SET DESCRIPTION 


Operations resulting from the execution of TMS 8080 instructions are described in this section. The flags that are affected by 
each instruction are given after the description. 


2.2.1 INSTRUCTION SYMBOLS 


SYMBOL DESCRIPTION 
<b2> Second byte of instruction 
<b3> Third byte of instruction 
rg Register # Register Name 
000 B 
001 C 
010 D 
011 E 
100 H 
101 L 
111 A 
rb Register # Register Name 
00 BC 
01 DE 
10 HL 
11 SP 
rc Register # Register Name 
0 BC 
1 DE 
rd Register # Register Name 
00 BC 
01 DE 
10 HL 
'dL Least significant 8 bits of rq 
'dH Most significant 8 bits of rq 
f Flags True condition 
Zero (Z) Result is zero 
Carry (C) Carry/borrow out of MSB is one 
Parity (P) Parity of result is even 
Sign (S) MSB of result is one 
Carry 1(C1) Carry out of fourth bit is one 
M Memory address defined by registers H and L 
() Contents of specified address or register 
[ ] Contents at address contained in specified register 
= Is transferred to 
o Exchange 
Am Bit m of A register (accumulator) 
\} Flags affected 
b2 Single byte immediate operand 
b3b2 Double byte immediate operand 


(nnn)g (nnn) is an octal (base 8) number 


2.2.2 ACCUMULATOR GROUP INSTRUCTIONS 


MNEMONIC 


ACI 


ADC 
ADC 
ADD 


ADD 
ADI 
ANA 


ANA 
ANI 
CMA 
CMC 
CMP 


CMP 
CPI 
DAA 


RRC 


OPERANDS 


b2 


va 
b2 


va 
b2 


va 
b2 


BYTES 


2 


—_ — mm AQ — 


M CYCLES/ 


STATES 


2/7 


2/7 
1/4 
2/7 


1/4 
2/7 
2/7 


1/4 
2/7 
1/4 
1/4 
2/7 


1/4 
2/7 
1/4 


1/10 


4/13 
2/7 
2/7 


1/4 
2/7 
1/4 


1/4 
1/4 


1/4 


DESCRIPTION 
(A) (A) + <bg>+(carry), add the second byte of the 
instruction and the contents of the carry flag to register A and 
place in A. {C,Z,S,P,C1} 


(A) — (A) + (M) + (carry). { C,Z,S,P,C1 | 

(A) <— (A) + (rg) + (carry). | C,Z,S,P,C1 } 

(A) — (A) + (M), add the contents of M to register A and place in 
A. \C,Z,S,P,C1} 

(A) — (A) + (rg).}C,Z,S,P,C1} 

(A) — (A) + <bg>. {C,Z,S,P,C1} 

(A) <— (A) AND (M), take the logical AND of M and register A 
and place in A. The carry flag will be reset low. | C,Z,S,P,C1} 
(A) — (A) AND (rg). {C,Z,S,P,C1} 

(A) — (A) AND <bg>. {C,Z,S,P,C1 | 

(A) — (A), complement A. 


(carry) < (carry), complement the carry flag. {C } 


(A) ~ (M), compare the contents of M to register A and set the 
flags accordingly. | C,Z,S,P,C1} 

(A)=(M) Z=1 

(A) #(M) Z=0 

(A)<(M) C#=1 

(A) >(M) C= 


(A) — (rg). {C,Z,S,P,C1! 

(A)—<bg>. {C,Z,S,P,C1} 

(A)+BCD correction of (A). The 8 bit A contents is corrected to 
form two 4 bit BCD digits after a binary arithmetic operation. A 
fifth flag C1 indicates the overflow from A3. The carry flag C 
indicates the overflow from A7 (See Table 3). {C,Z,S,P,C1 } 
(HL) <« (HL) + (rp), add the contents of double register rp to 
double register HL. and place in HL. \c} 

(A)—[<b3> <b>] 

(A)<—[(r_)] 

(A) — (A) OR (M), take the logical OR of the contents of M and 
register A and place in A. The carry flag will be reset. 
{c,z,s,P,c1} 

(A) < (A) OR (rg).4C,Z,S,P,C1} 

(A) — (A) OR <b9>. {C,Z,S,P,C1} 

Am+17Am, Agclcarry), (carry)(A7). Shift the contents of 
register A to the left one bit through the carry flag. {c } 
AmtAmt1, Az(carry), (carryl—Ag.{C} 

Am+17Am, AgeA7 (carry)(A7). Shift the contents of register 
A to the left one bit. Shift A7 into A,,and into the carry 
flag. {C | " 

Am Am+1, A7Ag, (carry)}(Ag). {Cc} 


M CYCLES/ 
MNEMONIC OPERANDS BYTES STATES 


SBB M 1 2/7 
SBB ta 1 1/4 
SBI b2 2 2/7 
STA b3b2 3 4/13 
STAX ro 1 2/7 
q STC 1 1/4 

SUB M 1 2/7 
SUB ta 1/4 
SUI b9 2 2/7 
XRA M 1 2/7 
XRA ra 1 1/4 
XRI bo 2 2/7 


2.2.3 INPUT/OUTPUT INSTRUCTIONS 


M CYCLES/ 
MNEMONIC OPERANDS- BYTES STATES 
IN b9 2 3/10 
OUT b2 2 3/10 


2.2.4 MACHINE INSTRUCTIONS 
M CYCLES/ 


MNEMONIC OPERANDS BYTES STATES 


HLT 1 2/7 


NOP 1 1/4 


DESCRIPTION 


{A)<—(A)-—(M)—(carry), subtract the contents of M and the 

contents of the carry flag from register A and place in A. Two's 

complement subtraction is used and a true borrow causes the 

carry flag to be set (underflow condition). \C,Z,S,P,C1| 

(A)—(A)—(rg)—(carry). {C,Z,S,P,C1} 

(A)(A)—<bg>~—(carry). {C,Z,S,P,C1} 

{[<b3> <b2>]<(A), store contents of A in memory address 

given in bytes 2 and 3. 

[(rg)] (A), store contents of A in memory address given in BC 

or DE. 

(carry)<-1, set carry flag to a 1 (true condition). 

(A)<(A)—(M), subtract the contents of M from register A and 

place in A. Two’s complement subtraction is used and a true 

borrow causes the carry flag to be set (underflow condition). 

{C,Z,S,P,c1} 

(A)(A)—(ra),{ C,Z,S,P,C1 

(A)-(A)—<b2>. {C,Z,S,P,C1} 

(A)—(A) XOR (M), take the exclusive OR of the contents of M 

and register A and place in A. The carry flag will be reset. 
{C,Z,S,P,ci} 

(A)(A) XOR (rg). {C,Z,S,P,C1} 

(A)(A) XOR <bg>. {C,Z,S,P,C1} 


DESCRIPTION 
(A)<(input data from data bus), byte 2 is sent on bits A7-A0 
and A15-A8 as the input device address. !NP status is given on 
the data bus. 
(Output data)<(A), byte 2 is sent on bits A7-A0 and A15-A8 as 
the output device address. OUT status is given on the data bus. 


DESCRIPTION 
Halt, all machine operations stop. All registers are maintained. 
Only an interrupt can return the TMS 8080 to the run mode. 
Note that a HLT should not be placed in location zero, 


otherwise after the reset pin is active, the TMS 8080 will enter a 
nonrecoverable ‘state (until power is removed), i.e., in halt with 


interrupts disabled. This condition also occurs if a HLT is 
executed while interrupts are disabled. HLTA status is given on 
the data bus. 

(PC)—(PC)+1, no operation. 


10 


2.2.5 PROGRAM COUNTER AND STACK CONTROL INSTRUCTIONS 


MNEMONIC 


CALL 


Conditional call instructions for true flags: 


(f) 
CC (carry) 
CPE (parity) 
CM (sign) 
CZ (zero) 


Conditional call instructions for false flags: 


(f) 
CNC (carry) 
CPO (parity) 
CP (sign) 
CNZ (zero) 
DI 


El 


JMP 


Conditional jump instructions for true flags: 


(f) 


Conditional jump instructions for false flaqs: 


JC (carry) 
JPE (parity) 
JM = (sign) 
JZ (zero) 
(f) 
JNC (carry) 
JPO (parity) 
JP (sign) 
JNZ (zero) 
PCHL 
POP 
POP 
PUSH 
PUSH 
RET 


OPERANDS 


b3b9 


b3b2 
b3b2 
b3b9 
b3b2 


b3b9 
b3b2 
b3b2 
b3b2 


b3b9 


b3b2 
b3b9 
b3b2 
b3b2 


b3b2 
b3b2 
b3b2 
b3b2 


PSW 


'd 
PSW 


'd 


BYTES 


3 


wo WwW Ww 


3 


Oo WW WwW 


Oo WwW WwW 


3 


- - WWW WwW 


M CYCLES/ 


STATES 


5/17 


5/17 (Pass) 
3/11 (Fail) 


5/17 (Pass) 
3/11 (Fail) 


1/4 


1/4 


3/10 


3/10 


3/10 


1/5 
3/10 


3/10 
3/11 


3/11 
3/10 


DESCRIPTION 
[((SP)—1]} [(SP)—2]<(PC), (SP)<(SP)—2, (PC)<<b3> <b>, 
transfer PC to the stack address given by SP, decrement SP 
twice, and jump unconditionally to address given in bytes 2 and 
3. 


If (f) = 1, [(SP)—1] [(SP)—2]<(PC), (SP)<—(SP)—2, (PS)~<b3> 
<b 2>, otherwise (PC)<-(PC)+3. If the flag specified, f, is 1, then 


execute a call. Otherwise, execute the next instruction. 


If (f) = 0, [(SP)—1] [(SP)—2]<—(PC), (SP)<(SP)—2, (PC)<<b3> 
<b2>, otherwise (PC)<-(PC)+3. 


Disable interrupts. INTE is driven false to indicate that no 
interrupts will be accepted. 

Enable interrupts. INTE is driven true to indicate that an 
interrupt will be accepted. Execution of this instruction is 
delayed to allow the next instruction to be executed before the 
INT input is polled. 

(PC)+<b3> <b2>, jump unconditionally to address given in 
bytes 2 and 3. 

If (f) = 1, (PC)<<b3><b >, otherwise (PC)<-(PC)+3. If the flag 
specified, f, is 1, execute a JMP. Otherwise, execute the next 


instruction. 


If (f) =O, (PC)<<b3> <b2>, othewise (PC)<(PC)+3. 


(PC)<(HL) 

(F)<[(SP)], (A)<[(SP)+1], (SP)<(SP)+2, restore the last 
stack values addressed by SP into A and F. Increment SP twice. 
(rgL)<L(SP)]}, (rgi)<[(SP)+1] , (SP)<(SP)+2. 

[(SP)—1]<(A), [(SP)—2]<(F), (SP)<-(SP)—2, save the contents 
of A and F into the stack addressed by SP. Decrement SP twice. 
((SP)—1] -(rgz_), [(SP)—2] —(rgy), (SP)<-(SP)—2. 

(PC)<[(SP)] [(SP)+1], (SP)<(SP)+2, return to program at 
memory address given by last values in the stack. The SP is 


incremented by two. 


M CYCLES/ 


MNEMONIC OPERANDS BYTES STATES 


Conditional return instructions for true flags: 

(f) 3/11 (Pass) 
RC (carry) 1/5 (Fait) 
RPE (parity) 
RM _ (sign) 
RZ (zero) Z 
Conditional return instructions for talse flags: 

(f) 3/11 (Pass) 
RNC (carry) 1/5 (Fail) 
RPO (parity) 
RP (sign) 
RNZ (zero) 

RST 


n 0 


: 
; 


Nom O 
= .-. = —_— = 


3/11 


SPHL 1 1/5 


2.2.6 REGISTER GROUP INSTRUCTIONS 


MCYCLES/ 
MNEMONIC OPERANDS BYTES STATES 
DCR M 1 3/10 
DCR ta 1 1/5 
Dcx rb 1 1/5 
INR M 1 3/10 
INR ta 1 1/5 
INX rb 1 1/5 
LHLD b3b2 3 5/16 
LXI Tpb3b2 3 3/10 
MVI M,b2 2 3/10 
MVI1 rgb2 2 2/7 
MOV Mra 1 2/7 
MOV rgM 1 2/7 
MOV Tatla2 1 1/5 
SHLD b3b2 3 5/16 
XCHG 1 1/4 
XTHL 1 5/18 


DESCRIPTION 


lf (f)=1, (PC)+{(SP)] [(SP+1], (SP)<(SP)+2. If the flag 
specified, f, is 1, execute a RET. Otherwise, execute the next 


instruction. 


If (f) = 0, (PC)—[(SP)] [(SP)+1], (SP)<—-(SP)+2. 


[(SP)—1]} {(SP})—2] <(PC) (SP)<(SP)—2, (PC)<-O000ROg where 
R is a 3 bit field in RST (RST=3R7g). Transfer PC to the stack 
address given by SP, decrement SP twice, and jump to the 


address specified by R. 


(SP)—(HL). 
DESCRIPTION 
(M)<(M)—1, decrement the contents of memory location 


specified by H and L. {Z,S,P,C1} 

(rg)<(rg)—1, decrement the contents of register rg. | Z,S,P,C1} 

(rp)<-(rp)—1, decrement double registers BC, DE, HL, or SP. 

(M)<(M)+1, increment the contents of memory location 

specified by H and L.}Z,S,P,C1 } 

(r5)-(rg)+1, increment the contents of register ra. \Z,S,P,C1} 

(rh)<(rph)+1, increment double registers BC, DE, HL, or SP. 

(L)-[<b3> <b9>]; (H)<- [<b3> <b2>+1], load registers H 

and tL with contents of the two memory locations specified 

by bytes 3 and 2. 

(rpbH)<-<b3>; (rpL)<<b2>, load double registers BC, DE, HL, 

or SP immediate with bytes 3, 2, respectively. 

(M)<-<b >, store immediate byte 2 in the address specified by 
HL 

(rg)<-<b >, load register rg immediate with byte 2 of the instruc- 

tion. 

(M)<(rg), store register rg in the memory location addressed by 

H and L. 

(r3)+(M), load register r, with contents of memory addressed by 

HL, 

(r54)<(rgz), load register r41 with contents of rg, rg2 contents 

remain unchanged. 

[<b3> <bg>] <(L); [<b3> <b g>+1)]<(H), store the contents 

of H and L into two successive memory locations specified by 

bytes 3 and 2. 

(H)-(D); (L)-(E), exchange double registers HL and DE 

(L)O((SP)], (H)o[(SP)+1], (SP)=(SP), exchange the top of the 

stack with register HL. 
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2.3. INSTRUCTION SET OPCODES ALPHABETICALLY LISTED 
POSITIVE-LOGIC 


REGISTER HEX OPCODE f* CLOCK 
MNEMONIC BYTES DESCRIPTION AFFECTED \D7-D4, \D3—~D0, CYCLES* ; 

ACI 2 Add immediate to A with carryt G E ,i€ 7 a © 
ADC M 1 Add memory to A with carryt 8 E gl b 7 442. 
ADCr 1 Add register to A with carryt B 8 g tf: 4 436 

C 8 gt 34 

D 8 A TSS 

E 8 By oer 

H 8 oon ae a Pie 

L 8 Dis ae es 

A 8 er ee Py 8 
ADD M 1 Add memory to At 8 6 LY el Yee 
ADD r 1 Add register to At B 8 O lve Tes 

C 8 1: yan is 

D 8 2 24? ™ 

E 8 3 usd 13? 

H 8 4° ey ses 

L 8 5 ue oe 

A 8 7 aid bat 
ADI 2 Add immediate to At C 656 7 ay 
ANAM 1 AND memory with At A 6 « WG ase é 
ANAr 1 AND register with At B A O 2th 84 i7 

c A 1 os Agt 

D A 2 «.% re fae 

E A 3 

H A 4 

i A 5 2 

A A 7°23 
ANI 2 AND immediate with At E 6 
CALL 3 Call unconditional C D 
CC 3 Call on carry D Cc : 
CM 3 Call on minus F Cc 
CMA 1 Complement A 2 F : 
CMC 1 Complement carry ¢ 3 F 
CMP M 1 Compare memory with At BO E 
CMP r 1 Compare register with A ; 

B B 8 a. 4 oS 

é B 9 1 oa 

D B A i 483 

E B B tr3 

H B om Toe 

L B ns 4 4 

A B Foe 3 oh rate 
CNC 3 Call on no carry D 4 ¢ W172 Te, 
CNZ 3 Call on no zero C 4 . 11/17 FR 
cP 3 Call on positive F 4-5 7 OMY 
CPE 3 Call on parity even E C VATE ag oe 
CPI 2 Compare immediate with At F E iy of Aare 
CPO 3 Call on parity odd E 4. 11/17) 2S 
CZ 3 Call on zero C Cy) 11/17 y 
DAA 1 Decimal adjust AT 2 Toe in 4 Sve 


*Two possible cycle times (11/17) indicate instruction cycles dependent on condition flags. 
TAI flags (C, Z,S, P, C1) affected. 
Lonly carry flag affected. 


REGISTER 


POSITIVE-LOGIC 
HEX OPCODE 


CLOCK of) pe 
ae 


MNEMONIC BYTES DESCRIPTION AFFECTED D7-—D4 D3—D0 CYCLES : 
DAD B 1 Add B&C to H&L# fe) GO 40 Cae 
DADC 1 Add D&E to H&L#t 1 9 10: “re 
DAD H 1 Add H&L to H&LF 2 9 10 i ad 
DAD SP 1 Add stack pointer to H&L 3 5% 10 4 oe 
DCRM 1 Decrement Memory § _ S 5 10 Oo > 
DCRr 1 Decrement Register 8 B 0 Bas a owe _ 

. c re) D+ Of. 
D 1 5, fon 
E 1 oe re 
H 2 Bis Crees 
L 2 D - pages" 
A 3 D- = 
DCX B 1 Decrement B&C 0 Bs. 5 #4 
DCX D 1 Decrement D&E 1 B Ba ee 
DCX H 1 Decrement H&L 2 B. 5 es ‘ 
DCX SP 1 Decrement stack pointer 3 B 5 hd eS 
DI 1 Disable interrupts F 3:3 4 oe 
E} 1 Enable interrupts F Be. Paes 4 vas 
HLT 1 A Halt 7 6 &: Ee ae 
IN 2 Input D Bie 264 10 “Ot 
INR M 1 Increment memory § 3 4. 10 < ee 
INR r 1 Increment register 8 B 0 4°. Ls) aieeed 
C 0 ome ote 
D 1 4s BIO 
E 1 C Bus 
H 2 4. gee 
a 2 C5 8 
A 3 Cc Re rae 
INX B 1 Increment B&C register ) 3° oA 
INX D 1 Increment D&E register 1 3 5 £4 

ANXH 1 Increment H&L register 2 3 Bes 
INX SP 1 Increment stack pointer 3 3 5 at. 4 
JC 3 Jump on carry D A Oma ey 
JM 3 Jump on minus. F Ao es 10-,% Ci 
JMP 3 Jump unconditional Cc 3 : 10 46, v, 
JNC 3 Jump on no carry D 2. 10:3 4a 
JNZ 3 Jump on no zero Cc 2 10 AS 
JP 3 Jump on positive F 2 10 gk 
JPE 3 Jump on parity even E A F 10 . a 
JPO 3 Jump on parity odd E 2 10s ge 
JZ 3 Jump on zero Cc A ‘ 10 . mae 
LDA 1 Load A direct 3 A 13 a ne 
LDAX B 1 Load A indirect 0 A! 7 eal a 
LDAX D 1 Load A indirect 1 A 7° &: 
LHLD 3 Load H&L direct 2 A . 16 2 ey 
LXI B 3 Load immediate register pair B&C 0 1 10 90 a 
LXID 3 Load immediate register pair D&E 1 1: 10 ts 
LXIH 3 Load immediate register 2 1 10 Ae 
LX! SP 3 Load immediate stack pointer 3 1 10 Of e. 


tonly carry flag affected. 
Sau flags except carry affected. 


MNEMONIC 


MOV M,r 


MOV r,M 


MOV r4,1°9 


BYTES 


1 


1 


DESCRIPTION 


Move register to memory 


Move memory to register 


Move register to register 


REGISTER 


AFFECTED 


-~- rmMmMondnvnoperioé:s:$§egoendns 


DOR ODD, 
Prom OOo 


B,A 


© 
ed 


C,Cc 


HSNoovo9gn nan 90 
Imoowrprui™M™do 


4 L 


mm oO 
ao > 


. 


FtrrirTrTrTIMMm@ mmm 
D>ririMmoeowrpreuiowémoaogno 


POSITIVE-LOGIC 


HEX OPCODE 


\D7-—D4, 


DAMAMNAAAANADAAnTH HGH GT TAganranagdaaa»#an»narhbh bk BHRBRREA AHA BRA prev nounnkFanu nu ynvnsy 


\03-—D0, 


OYTO AR WNABPOTONMAPHOANHTFWNHAEOTTDABWPHOANNHN ER WNHROMMOAMoaMoanNuoBKRwWN=AO 


% 


tac} 


4 
4 
+ 


co DC. 


ot 
=" CLOCK ~~ 


CYCLES °.. 
4 


7 432 


MNEMONIC BYTES 
MOV rq, r9 1 


MVIM 2 
MVIr 2 


NOP 1 
ORAM 1 
ORAr 1 


ORI 
OUT 
PCHL 
POP B 
POP D 
POP H 
POP PSW 
PUSH B 
PUSH D 
PUSH H 
PUSH PSW 
RAL 
RAR 

RC 

RET 
RLC 

RM 

RNC 
RNZ 

RP 


Se re 0 ee ee) ) 


DESCRIPTION 
Move register to register (continued) 


Move immediate memory 


Move immediate register 


No operation 
OR memory with At 
OR register with At 


OR immediate with AT 

Output 

H&L to program counter 

Pop register pair B&C off stack 
Pop register pair D&E off stack 
Pop register pair H&L off stack 
Pop A and flags off stackt 
Push register pair B&C 

Push register pair D&C 

Push register pair H&L on stack 
Push A and Flags on stack 
Rotate A left through carry | 
Rotate A right through carry + 
Return on carry 

Return 

Rotate A left 

Return on minus 

Return on no carry 

Return on no zero 


Return on positive 


REGISTER 


AFFECTED 


L,C 
L,D 
LE 
L,H 
LL 
L.A 
A,B 
A.C 
A,D 
AE 
-A,H 
A,L 
AA 


ppriéiéimoeon 


PrFréomoenN wD 


*Two possible cycles times (11/17) indicate instruction cycles dependent on condition flags. 


TAI flags (C, Z, S, P, C1) affected. 
+Only carry flag affected. 


POSITIVE-LOGIC 


\07-—D4, 


6 


nr"oOonodnqonrar- TM VNC MNAMIWIAM|OTRAWAWDAWAAWADADOAWBNNH HH HFTDAWN NN WYN YN VYODAA DD O 


\D03-—D0/ 
9 <7. 


CcCoomnanwowmonmnmnoaraaan»4s |- |= = OWAMAN TO BWNH HTH OMMamMmamMmoaonhi oadonwvpuoanondgoendw p 


‘4 he 


cone 


a Py: 
HEX OPCODE <=... CLOCK” 


CYCLES** 


y 
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MNEMONIC 


RPE 
RPO 
RRC 
RST 


RZ 
SBBM 
SBBr 


SBI 
SHLD 
SPHL 
STA 
STAX B 
STAX D 
STC 
SUB M 
SUB r 


SUI 
XCHG 
XRAM 
XRAr 


XRI 
XTHL 


BYTES 


=olUe leek 


a Ct an oO MO) 


_- lh |  —i#fAD 


2 
1 


DESCRIPTION 


Return on parity even 
Return on parity odd 
Rotate A right 
Restart 


Return on Zero 
Subtract memory from A with borrowt 


Subtract register from A with borrowt 


Subtract immediate from A with borrowt 
Store H&L direct 

H&L to stack pointer 

Store A direct 

Store A indirect 

Store A indirect 

Set carry? 

Subtract memory from At 


Subtract register from At 


Subtract immediate from At 
Exchange D&E, H&L registers 
Exclusive OR memory with At 


Exclusive OR register with At 


Exclusive OR immediate with AT 
Exchange top of stack H&L 


REGISTER 


PC+-000016 
PC<-0008 16 
PC<—001016 
PC—001816 
PC<-002016 
PC+-002816 
PC--00301¢ 
PC<-0038 46 


rPreoéoTomMmMooao DW 


rreiroéomoe40ow 


rPriémosoeoaODW 


*Two possible cycles times (11/17) indicate instruction cycles dependent on condition flags. 


Tau flags (C, Z,S, P, C1) affected. 


rOnly carry flag affected. 


POSITIVE-LOGIC 


HEX OPCODE 


AFFECTED \D7-D4, 
E 


E 
0 


mmyp>pyprPpprprrmouovwv vod oOo WMD WHO OWA OWBMN DH Ho wHowH HOH woOHAOATDAIHAMmMOoWV.AA 


Seta uae 

D3-D0, CYCLES* *. 
; Bt ; 5/11 Oye be 
; S/11 9 Lad 
rE 4 ttl 

11 
; Aa a we 
Ee oigue ony 
: 4464 
: Sok 
7 ¥ = , 3 
; ee 
a3 2 247 
: vipa 
8 5/11 Fase 
- 7 Any 
8 4 She Qs 
9 ae 
aad 
2 

B a 
- a Ay 
D ae 
F- : 
: 7 ity 
7 16 OY, 
9 Bh etal 
: 7 oo wy 
3 7 a3 4 aad 
: re a 
6. Ce 
0 = 4 i + 
; , Tt 
2 nd 
: : 
4. fake 
i Re ge 
—_ ves 
se 5 ee 
: Q af 
E. ; Y ae ~j ‘J 
auBO 4 iv 
Oe dee 8 ay 
A vies 
: Ari 
Cc. : re 
D - 3s 
- : oe 
E ae 
18 3. 


Dec 


3.1 


TMS 8080 ELECTRICAL AND MECHANICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 


Supply voltage, Vcc (see Note 1) 2. 2... . . ee ee ew . 60.3 V to 20 V 
Supply voltage, Vpp (see Note 1 & oe lg ie ae cake we wee ee Sete Be a, OE ee me a eds 2h ok SOE 28 V. 
Supply voltage, Vss (see Note 1) Be ip he A es ah ea ee eds ak Sr 2 se he a de Las we SOSA TO OE 
All input and output voltages (see Note 1) 2... 2... ee ee ee ee 60.3 V to 20 V 
Continuous power dissipation . 2... 1. ke ee ee ee ee 15 W 
Operating free-air temperature range . . 1... wwe ee ee 0°C to 70°C 
Storage temperature range: <s-4. ee ce ae ee we ae EEG ee —65°C to 150°C 


*Stresses beyond those ‘listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only 


and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


NOTE 1: Under absolute maximum ratings voltage values are with respect to the normally most negative supply voltage, VeBB (substrate). 


Throughout the remainder cf this data sheet, voltage values are with respect to Vss unless otherwise noted. 


3.2 RECOMMENDED OPERATING CONDITIONS 


3.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 


(UNLESS OTHERWISE NOTED) 


PARAMETER TEST CONDITIONS MIN TYPT MAX |UNIT 


, Input current (any input except em aa 
= to + 
clocks and data bus) | CC a 


(DB) Input current, data bus Vi(DB) =O Vto Vcc —100 
reer Address or alas bus input Vi(ad) Or Vi(pB) = Voc 
current during hold Vi(ad) OF Vi(ppB) =O V 


VOH i 
| =1.7mA 
VOL Low-level output voltage ee na ; - 
OL =0.75 mA {any output except DB 
Av 


IBBlav) erage supply current from Veg 
IcClav) Average supply current from Voc 


IDD(av) Average supply current from Vpp 


Operating at to(g) = 480 ns, 
TA= 25°C 


C; Capacitance, any input except clock Vcc = Vopb = Vsg = OV, 
Veep = —4.75 to —5.25 V, f = 1 MHz, 


All other pins at 0 V 


Ci(o) Clock input capacitance 


Co Output capacitance 


TAN typical values are at Ta = 25°C and nominal voltages. 
NOTES: 2. Active pull-up resistors of nominally 2 k{2 will be switched onto the data bus when DBIN is high and the data input voltage is 


more positive than Vj),4y min. 
3. The algebraic convention where the most negative limit is designated as minimum is used in this specification for logic voltage 
levels only. 
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3.4 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(SEE FIGURE 2) 


Clock fall time 
Pulse width, clock 1 high 


td(¢2-01) Delay time, clock 2 to clock 1 
td(61H-2) Delay time, clock 1 high to clock 2 (time between leading edges) 


tsu(da¢1) Data setup time with respect to clock 1 
tsu(da-p2) Data setup time with respect to clock 2 
tsu(hold) Hold input setup time 


Interrupt input setup time 


th (hold) Hold input hold time 
th(int) Interrupt input hold time 
th(rdy) Ready input hold time 


NOTES: 5. te(o) = ta(o1L-G2) + tr(p2) + tw(H2) + t#(o2) + ta(H2-G1) + tr(G1)- 480 ns < te() < 2000 ns. 


6. The data input should be enabled using the DBIN status signal. No bus conflict can then occur and the data hold time 
requirement is thus assured. 


3.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(SEE FIGURE 2) 


PARAMETER TEST CONDITIONS MIN MAX |] UNIT 
tpD(ad) Propagation delay time, clock 2 to address outputs ns 
tPD(da) Propagation delay time, clock 2 to data bus 
t P tion delay ti locks t tro! output eke ee 120 

ropagation delay time, clocks to contro! outputs | 120] ns 
PD(cont) pag y a RL =1.3k2 noe 
tPpp(DBI) Propagation delay time, clock 2 to DBIN output | 25 140 | 
tPD(int) Propagation delay time, clock 2 to INTE output 
tpl Time for data bus to enter input mode fee Gong teat tpp(DBI) 


Disable time to high-impedance state 

tPXxZ 120 
during hold (address outputs and data bus) 

The time that the address outputs and output data will remain stable after WR goes high, twa and twp 7 td(o1H-@2)- 

The time between address outputs becoming stable and WR going low, taw <2 te(@) —ta(@1H -£2)—tr(g) —120 ns. 


The time between output data becoming stable and WR going low, tow 2 te(@) —td(@1H-62) —tr(g) — 150 ns. 
The following are relevant when interfacing to devices requiring Vjyy min of 3.3 V: 


a) Maximum output rise time (tty) from 0.8 V to 3.3 V is 140 ns with C,_ as specified for the propagation delay times above. 


b) Maximum propagation delay times when measured to Vre¢(H) = 3 V (instead of 2 V) will be 60 ns more than as specified above with 
Cy as specified. 


RL =1.3k2 


i- 100 pF 


CL includes probe and jig capacitance. 


TMS 8080 
OUTPUT 


LOAD CIRCUIT 


6L 


voltage waveforms (see notes a and b) 


o-————— tc (g) ———- > —— td(p1L $2) 
! 


| 
IN 91 | | fr ! 
| 
l 


1 

IN ¢2 ’ 

| fe—wt—td (92-41) 
| 

-— 

OUT A15-A0 ieee? 


tPD(ad)—be—_—_ 


td($1H-2) 


1/0 D7-DO 


-+—p 1 
| | >} Metsu(da-o1) |j 
| ! beq——p}L tsu(da-¢2) 


OUT SYNC ' 


tPD(cont)—e> — ais re I | 


OUT DBIN 


OUT WR 


IN READY 


Wa 
third ‘aol a= | | i 
tPDicont)-el \— a ! | 


1 let ie 
I tsu(hold)—o4 lke Bel ieiay —>| ke tPD cont) 


l — 
OUTHLDA ———————___________________ ” {T ' 


IN INT 
tsu(int)—o tsu(int) >} | 
—> fe th(int) Phe thiint) — jg-—ot-tPD (int) 
OUT INTE SR a ee ee 
NOTES: a. This timing diagram shows timing relationships only, it does not represent any specific machine cycle. 

b. Time measurements are made at the following reference voltages: Clock, Vret(H) = 9-5 V, Vref(L) = 1 V. Other inputs, Vref(H) = 2 V, Vref(L) = 0.8 V. 

c. Data in must be stable for this period when DBIN is high during S3. Requirements for both tsu(da-1) and tsu(da-@2) Must be satisfied. 

d. The ready signal must be stable for this period during S2 or SW. This requires external synchronization. 

e. The hold signal must be stable for this period during S2 or SW when entering the hold mode and during $3, $4, SS and SWH when in the hold mode. This requires 
external synchronization. 

f. The interrupt signal must be stable during this period on the last clock cycle of any instruction to be recognized on the following instruction. External 
synchronization is not required. 

g. During halt mode only, timing is with respect to the clock 1 falling edge. 


FIGURE 2 
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3.6 TERMINAL ASSIGNMENTS 


TMS 8080 


1 

2 
3 
4 
5 
6 
7 
8 
9 


3.7 MECHANICAL DATA 


40-PIN CERAMIC PACKAGE 


0.600 + 0.010 0.020 
MIN 


0.185 MAX 
“SEATING af IM Wee 
PLANE ao 
0.150 + 0.030 


0.018 + 0.003->| le 0.032 NOM 
0.010 NOM PIN SPACING 0.100 T.P. 


0.050 + 0.020 
(See Note A) 


0.050 + 0.010 


NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within 0.010 
of its true longitudinal position relative to pins 1 and 40. 
B. All dimensions are in inches untess otherwise noted. 
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